Abstract. In clinical medicine, the analysis of dynamic behavior of platelets has important applications. In this paper, focus on the shortage of traditional platelet dynamics feature parameter detection technology, based on the advantages of quantity phase imaging (QPI), a phase microscopic imaging platform is constructed and the model of platelet puncture is presented. Based on the feature analysis of phase images, the characteristic parameters of platelets in dynamics are presented, and the analysis method of their main characteristic parameters is established. The dynamical analysis in the stimulation and experiments are completed systematically, which shows that the method is accurate and efficient, that provides a powerful basis for interpreting the dynamic behavior of platelets and provides a new analytical tool for the dynamic behavior analysis of heterogeneous cells.
Introduction
Platelets play an important role in physiological and pathological processes of hemostasis, wound healing, inflammatory response, thrombosis and organ transplant rejection. The participation of activated platelets in physiological and pathological process of blood coagulation system plays an important role in the blood coagulation system. The study shows that activated platelets are the key to the occurrence of many diseases and immune responses, such as sepsis. Suffering this ill, a large number of toxins and inflammatory factors penetrate into the blood system, which can activate platelet. Activating platelets aggregates and binds fibrin when it adhere to the injured vascular endothelial surface, and then forms a pathological thrombosis. Clinical evidence has shown that the lipopolysaccharide (LPS) can promote the activation of platelet. At the same time, the α-granules released by activated platelets, which include the release of a large number of functional protein molecules, can aggravate the inflammatory response, pathologic thrombosis and the damage of tissue organs0. The study shows that carbon monoxide (CO), a colorless and tasteless poisonous gas, which released by CORM-2, can significantly improve the inflammatory response of mice, effectively protect its vital organs and increase survival rate. But by now, there are very few researches on the release mechanism of platelet α-granules caused by CORM-2 when someone have sepsis [12] [13] , which is mainly limited by the platelet dynamics characteristic analysis technique.
Clinically, the information provided by automated analyzers for diagnosing blood diseases is limited. And cells are transparent, which should be fixed and stained in the observation process, and the workload is large, which can make the operator fatigue easily and thus affect the accuracy of the test results [14] [15] . To the pathologist, the differences between the observers lead to an unavoidable subjectivity in the analysis process. Meanwhile, the qualitative information obtained by the traditional microscopy techniques such as fluorescence microscopy reduces the accuracy and accuracy of blood testing. The QPI has many unique advantages, such as non-invasive, high-definition, high-speed and quantifiable, and has become an important optical measurement technique in the micro-domain [16] .
The less light absorption characteristics of platelets, which are basically optical transparent (i.e., phase), are taken into account in this paper. Based on the optical phase microscopy, the experimental platform of phase imaging of the intensity transfer equation is constructed and the platelet LPS stimulation model is established. Through the intervention of CORM-2 (exogenous CO), we derived the phase images of platelets in three states, and proposed the characteristic representation method and the analysis technique based on phase image. Then we systematically analyzed the dynamic characteristics of platelets, and obtained better experimental and theoretical analysis results, which can provide a new analysis technique for platelet dynamics behavior.
Phase Imaging Theory and Technology
The transport of intensity equation(TIE) is firstly deduced by Teague [17] in 1983 employing the Helmholtz equation under the paraxial approximation condition. TIE is a partial differential equation which describes the quantitative relationship between the variation of the axial light intensity and the phase of the light wave, it can be expressed as
where λ π 2 = k is wavenumber, I is light intensity,
is the variation in the axial light intensity of the light wave, ϕis the phase, 
Where x and u are two dimensional spatial vector and spatial frequency vector respectively, x ∇ is the gradient function in the x direction. When the complete coherence condition is satisfied, Eq. (2.2) can be reduced to Eq. (2.1). The gradient of the phase in the partially coherent light field is automatically associated with the first-order condition spatial frequency matrix of Wigner function, that is,
Therefore, the phase of light wave can be obtained by TIE, no matter in coherent or partially coherent light field [18] [19] [20] [21] [22] [23] [24] .
The experimental device used in this paper is the combination of Olympus GX51 microscope with the Biophase phase extraction software. The 6V and 30W halogen lamps are used as light sources for irradiation imaging. The electric control platform is used to achieve accurate movement of cells. Where the Biophase is an optical software based on the principle of TIE, which use to extract the phase by measuring the intensity distribution of the two defocused surfaces.
The experiment optical path is shown in Fig. 1 . Unlike the microscopic imaging system based on traditional phase transfer equation, the Biophase system record the intensity of the two different defocus surfaces by using a transflective mirror and receive light intensity images with two CCDs in two directions at the same time. So the optical intensity differential in axial direction can be achieved without moving the sample or the receivers. 
Analysis of Platelets Dynamic Characteristics under Phase Diagrams Phase Gradient Estimation Algorithm
The phase information, which is an overall change along the light transmission direction, reflects the product of the cells thickness and the refractive index difference between the inner matter and the surrounding environment. It can be expressed as
Where n c is the average refractive index of the cell, n m is the refractive index of the environmental fluid, h c is the thickness of the cell, along the light transmission direction. Platelets can be regarded as heterogeneous cells, and the substructure of platelets cannot be determined from the phase image. With the help of edge detection in digital image processing, the boundary of the cell and nucleus can be determined through the phase gradient method. Because the phase gradient has a high sensitivity to cells' boundaries and its changes of refractive indices [25] , then the size and morphology of platelets' substructure can be estimated roughly.
In order to study the real cell well, we establish a model of binucleate cell in Fig. 2(a) . In this model, the large ball represents the cell's contour, its diameter is 12µm, the two small balls represent the two nucleuses respectively, with the diameters being 4µm and 6µm respectively. The refractive index of the large nucleus and the small nucleus is set to be 1.45 and 1.40 respectively, and that of the cytoplasm and the surrounding environment is set to be 1.37 and 1.33 respectively. Fig. 2(b) is the two-dimensional image of the above binucleate cell's model. The simulation is implemented by the Virtuallab simulation experiment Platform, and the light's wavelength is set to be 632.8nm, which spread along the z direction, and the phase image of the z direction is obtained which can be seen in Fig. 2(c) . Then we found the gradient of the cells' phase by the Matlab software ( Fig. 2(d) ). Fig. 2(e) is the graph of its phase gradient along the center of the cell, in the direction l.
As can be seen from Fig. 2 (e), these fluctuations of phase gradient correspond to the changes of refractive index in the cell. The difference of fluctuation range is related to the refractive index's difference between before and after. Therefore, the position of the fluctuation corresponds to the boundary point of each medium (cell, nucleus), then we can estimate the boundary of the cell and the nucleus, and finally obtain the platelets' substructure morphology.
In Table 1 , the error between the diameter of the l direction cell by the phase gradient calculation and the model diameter is 0.014, and the error between the large nucleus and the small nucleus is 0.018 and 0.038 respectively. It is feasible that describe the morphology of cell and nucleus by the phase gradient image. With the phase image and the phase gradient image, we can quantitatively describe the morphology of the cells. Table 1 . Direction l at the two-dimensional gradient map corresponding point distance. 
Characteristics of Platelet Morphological Parameters based on Phase Distribution
In quantitative phase microanalysis, because the refractive index of heterogeneous cells is a physical variable varying with space, we cannot directly obtain the thickness distribution of heterogeneous cells from phase distribution images, so we use the relative phase volume V ϕ of heterogeneous cells to represent volume. V ϕ can be obtained by integrating the cell phase within the region. Mathematical expression is:
The relative surface area S of the heterogeneous cells can be obtained from the following formula:
Where dx and dy is the width of the x and y direction of each pixel in the 3D phase distribution of the cell, respectively. ϕ x and ϕ y is the gradient of the thickness ϕ(x,y) along the x and y directions, respectively. S t the cell projection area in its phase gradient. The contour characteristics of heterogeneous cells are described by circularity e in a degree. Calculated by Eq. (3.5):
L is the cell perimeter of the phase gradient along the irradiation direction.
The average roughness Ra of the contour can be expressed as:
The root mean square roughness Rq is expressed by Eq. (3.7) as: Table 2 is obtained through calculating the phase diagram of platelets in Fig.3 by means of the main routine analytical parameters of heterogeneous cells. From these data comparisons, we can distinguish the platelet from the cells according to the smaller threshold value of the root mean square roughness and the average roughness. Classification and counting of blood cells based on quantitative phase microscopy can be achieved by this method, and this method can also be extended to the five classification of white blood cells.
Analysis of Platelet Dynamic Characteristics based on Phase
In this experiment, venous blood of healthy people is collected, and 3.8% sodium citrate is added to play a role of anticoagulant. The collected blood is centrifuged at 120g 10min to obtain the platelet rich plasma. The experiments are divided into three groups. CON group: Nothing to do with it; LPS group: LPS (10µɡ/ml) samples is treated for 30 minutes in order to investigate the morphology and mechanism of platelets after LPS (LPS) activation; CORM-2 group: After LPS activation, the same stimulation is added to CORM-2 immediately to study the influence of CORM-2 (exogenous carbon monoxide) on the secretion of activated platelets and the distribution of α-granules. Table 3 is a comparison of morphological parameters of platelet cells in different stimulating times, we can give some comparative analysis, V1>V3>V2,e1>e3>e2. In Fig. 5 , we can find that the difference between the phase distribution of platelet and cell morphology is obvious in three groups. In the CON group, the cell edge contour is smooth and the cell circularity is higher. The 3D contour surface of the cell phase is also smooth. After LPS stimulation, the cells' 3D phase contour fluctuate greatly, the phase peak concentrates at the edge of the cell, and the peak distribution is uneven. At the same time, there exists big gap of the contour in platelet along the irradiation direction between the CORM-2+LPS group and CON group. The platelet produces pseudopodia and the shape becomes irregular. After the effect of the CORM-2+LPS, the 3D phase contour of the cell tends to be smooth again but there are some fluctuation in the center. The phase peak value is concentrates in the central part of the platelet again. The contour of platelet tends to be regular along the irradiation direction, and the circularity becomes higher. The phase distribution in these three cases coincided with the study of the distribution of α-granules in platelets by Liu Dadong [26] .
Comparing the maximum phase values of the three groups of platelets with Fig. 5(a) and (c), we find that the phase value in order from big to small is CON group, CORM-2+LPS group, LPS group. This is related to the effect of LPS and CORM-2 on the distribution of α-granules. 6 is the comparison among the main routine analysis parameters of platelets in each group. Due to the irregular of platelet shape and the generation of pseudopodia in LPS group, the average roughness (Ra) and root mean square roughness (Rq) in LPS group are increased obviously and the circularity decreased. After CORM-2 stimulation, these changes are significantly restored to the CON group. At the same time, CORM-2 stimulation inhibite the decrease of platelet α-granules under LPS stimulation, and this also could be characterized by relative phase volume.
By analyzing quantitative phase microscopy and other cell observation techniques, based on the platelet activation model, three groups of platelets under different conditions are analyzed and the conclusions are as follows: LPS stimulated platelet during sepsis, which causes the α-granules in the platelets to be released into the extracellular region. Exogenous CO can improve the pathophysiology of sepsis by inhibiting the release of platelet α-granules, and reduce coagulation disturbance and inflammatory reaction.
Conclusion
In this paper, the QPI is applied to the medical observation of platelets, based on the advantages of QPI and considering the optical properties of platelets. Under the model of platelet activation in sepsis, through the phase characteristics analyzing of platelet under three different stimulations, the analysis method of the main conventional analytical parameters and the dynamic analysis technique presented in this paper, we scientifically demonstrate the importance of CO, released by CORM-2, in inhibiting the release of platelet α-granules. We also illustrate the non-invasive advantage of quantitative phase microscopy on blood cell dynamics and the feasibility of the phase features analysis method proposed in this paper, which provides a new and promising technique for the dynamics characteristics analysis of heterogeneous cell.
